Mycoplasma arthritidis induces in rodents an acute to chronic arthritis that can be associated with lethal toxicity following systemic injection or with tissue necrosis resembling necrotizing fasciitis following subcutaneous injection. Toxicity and necrosis are markedly more pronounced in strains that are strongly reactive to M. arthritidis mitogen (MAM) (9, 11) . In many respects, MAM is a typical superantigen (SAg); however, it has a number of properties that distinguish it from other bacterial SAgs (8) . It has a strong preference for presentation to T cells by H-2E and HLA-DR major histocompatibility complex (MHC) molecules but can also use H-2A and HLA-DQ for presentation (7) . In addition, although the T-cell receptor (TCR) V␤ chain has been shown to be predominantly involved in the activation of T cells in response to the stimulatory effects of SAgs, in the case of MAM-induced T-cell activation, J␤ segments as well as the contact points within the CDR3 region of the TCR also influence the reactivity of T cells to MAM (19) . MAM can also directly induce proinflammatory cytokines in macrophage cultures and cell lines in the absence of T cells (6) , probably by cross-linking the ␣ and ␤ chains of surface MHC molecules (25) . In addition, MAM possesses legume lectin motif ␤, which is involved in lymphocyte activation by lectin mitogens (8) . The responsiveness of lymphocytes to the stimulatory effects of MAM depends on the expression of specific MHC class II alleles as well as on the expression of specific TCRs borne on the V␤-chain segments of the ␣/␤ TCR (17, 20, 23) .
We recently demonstrated that splenocytes from mice injected with the MAM SAg elicited different cytokine profiles following in vitro challenge with MAM in different strains of mice (28) . Whereas cells from BALB/c and C3H/HeJ mice induced similar strong proliferative responses and high cytokine levels in vitro in response to MAM, the cytokine responses in vivo were quite different. In the arthritis-resistant BALB/c mice, the cytokine profile was shifted toward a type 2 pattern (dominated by interleukin-4 [IL-4], IL-6, and IL-10), whereas the profile for the arthritis-susceptible C3H/HeJ mice was shifted toward a type 1 pattern (dominated by IL-2, gamma interferon [IFN-␥], IL-12, and tumor necrosis factor alpha [TNF-␣]).
The C3H/HeJ mouse is known to be highly sensitive to infection with gram-negative bacteria due to the failure of lipopolysaccharide (LPS; endotoxin) recognition. LPS, a very potent activator of host leukocytes, stimulates the synthesis and release of TNF-␣ and other proinflammatory cytokines. Timely recognition of LPS by cells of the innate immune system allows effective clearance of a gram-negative bacterial infection before it becomes widely disseminated. Lack of responsiveness to LPS is thought to be associated with impaired host responses to infection with gram-negative bacteria. The C3H/HeJ mouse carries a spontaneous mutation, Lps d , that confers resistance to the inflammatory properties of LPS and toxic shock (1, 26, 34, 35, 37) . Recent studies have shown that the Lps d allele is associated with a defect in Toll-like receptor (TLR) 4 (TLR4) which, along with CD14 and LPS binding protein, determines responsiveness to LPS (31, 32) . Defects in TLR4 expression are also seen in C57BL/10ScNCr mice, which are also resistant to LPS (31, 33) . TLRs, which belong to the IL-1 receptor family, are believed to play a major role in host responses to bacterial products. Whereas LPS uses predominantly TLR4, many biologically active lipoproteins from grampositive bacteria (43) , such as OspA from Borrelia burgdorferi (18) and mycoplasma lipopeptide MALP-2 from Mycoplasma fermentans, use another TLR family member, TLR2 (38) .
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Ϫ LPS hyporesponsive) mice were obtained from Clarence Reeder (National Institutes of Health). All mice were maintained in specific-pathogen-free conditions at the ARC and were used at 8 to 12 weeks of age. The ARC guarantees strict compliance with regulations established by the Animal Welfare Act.
MAM and LPS. LPS-free, homogenous native MAM was prepared as described previously (2) and was stored in aliquots at Ϫ70°C. LPS from Escherichia coli O111:B4 was purchased from Difco Laboratories, Detroit, Mich.
Cell culturing for cytokine analysis and enzyme-linked immunosorbent assay (ELISA). Cells obtained from the spleens of mice were cultured under serumfree conditions. Briefly, mice were anesthetized and sacrificed by cervical dislocation. Single-cell suspensions were prepared from the spleens of these animals. The collected splenocytes were washed three times and cultured at 10 7 cells/ml in freshly prepared serum-free medium consisting of RPMI 1640, 1% Nutridoma-NS (Boehringer Mannheim Biochemicals, Indianapolis, Ind.), 200 mM L-glutamine, antibiotics, and 5 ϫ 10 Ϫ5 M 2-mercaptoethanol. For in vitro induction of cytokines, triplicate suspensions of splenocytes were activated by the addition of 0.1 to 100 ng of MAM/ml, and supernatants were collected after 24 h of incubation at 37°C in a 5% CO 2 -humidified incubator. Supernatants were harvested, clarified by centrifugation, and stored at 4°C until assayed for specific cytokine content.
For in vivo priming studies, MAM at doses of 0.1 to 100 ng/mouse was injected intravenously (i.v.) into mice. Control mice were given phosphate-buffered saline (PBS) injections. After 90 min, mice were bled by cardiac puncture, and the sera were collected for analysis of cytokines and nitric oxide (NO) production. The splenic tissues were collected at various times after injection for reverse transcription (RT)-PCR, or the splenocytes were cultured in vitro in the presence or absence of MAM (1 ng/ml) 24 or 72 h after injection.
Cell culture supernatants were assayed for quantitative evaluation of cytokines by an ELISA as previously described (28) . Monoclonal rat anti-murine cytokine antibodies and murine recombinant cytokine standards were purchased from PharMingen, San Diego, Calif.
RT-PCR for the expression of IL-12 p40 mRNA. RNA was prepared by the method of Chomczynski and Sacchi (5), and RT-PCR was performed as described by Mu and Sewell (27) . PCR was carried out with a model 480 DNA thermal cycler (Perkin-Elmer Cetus, Emeryville, Calif.). PCR conditions were as follows: denaturation at 94°C for 1 min, annealing at 59°C for 30 s, and elongation at 72°C for 30 s. Sixteen cycles were performed for ␤-actin; 28 cycles were performed for IL-12 p40. Gene-specific sequences were derived from GenBank submissions. Oligonucleotides used for these analyses have been published previously (36) .
Preparation of macrophages and analysis of NO production. Resident peritoneal exudate cells, a major source of peritoneal macrophages (PM) of mice, were harvested and prepared as described elsewhere (29) . Adherent cells from spleens (splenic macrophages [SM]) were prepared as described by Ayala et al. (3, 4) . Macrophages (2 ϫ 10 6 /ml) were stimulated by the addition of 10 ng of MAM/ml with or without recombinant murine IFN-␥ (5 ng/ml; PharMingen). Macrophages stimulated by LPS (100 ng/ml) were also included as a control. Cells were incubated for 48 h at 37°C in 5% CO 2 . Cell culture supernatants were then collected for quantitative evaluation of NO. For in vivo priming studies, sera collected from mice receiving 10 ng of MAM/mouse at different times were assayed for nitrite (NO 2 Ϫ ) plus nitrate (NO 3 Ϫ ) contents. Measurement of levels of NO (NO 2 Ϫ plus NO 3 Ϫ ) in cell supernatants or in serum samples was performed as described previously (29) . Briefly, culture supernatants were diluted 1:2, and serum was diluted 1:10. Sera were incubated with 4 l of a solution containing nitrate reductase from Aspergillus species (Boehringer) and NADPH at final concentrations of 20 mU/100-l test sample and 100 M/100-l test sample, respectively, for 45 min at room temperature. Following centrifugation for 10 min at 1,000 ϫ g, nitrate reductase-and NADPH-treated supernatants or sera were placed in a 96-well plate, and a modified Griess assay (Sigma Chemical Co., St. Louis, Mo.) was performed.
Induction and evaluation of pathogenic effects of M. arthritidis in mice. M. arthritidis strain 14124 P10 (14) was grown in modified Edward medium as previously described (11, 28) . Cells were harvested by centrifugation at 27,000 ϫ g, washed once in serum-free medium, suspended in PBS-5% sucrose, and frozen in aliquots at Ϫ70°C. Female mice 8 to 12 weeks of age were injected i.v. in groups of 6 to 10 with 5 ϫ 10 8 CFU of M. arthritidis. Mice were examined for toxicity at days 1, 2, 3, 5, 7, 10, 14, and 28 after injection. Mice were assigned an arbitrary score of 0 to 2 for each of the following characteristics: ruffling of fur, lethargy, and ocular discharge; a maximum score of 8 was assigned upon death. Severity of arthritis was scored as described previously (29) . The results were expressed as the mean and standard error of the mean (SEM).
Statistical analysis. Cytokine concentrations were reported as the mean and SEM. Two-tailed Student's t test values were calculated using the Statview program (Abacus Concepts, Inc., Berkeley, Calif.). A P value of less than 0.05 was considered significant.
RESULTS

Induction of cytokines by MAM in splenic cell cultures from
Lps n (C3H/HeSnJ) and Lps d (C3H/HeJ) mice. We considered the possibility that the different cytokine responses observed previously (28) for the C3H/HeJ and BALB/c mouse strains with MAM may relate in some way to the fact that C3H/HeJ mice carry the mutant Lps d gene, which confers hyporesponsiveness to LPS. As far as is known, this mutation and a second mutation, RAN, which also interrupts the LPS signaling pathway (41), probably represent the major difference(s) having an impact on the immune systems of these mice. To this end, we examined the cytokine profiles of splenocytes from naive C3H/ HeJ (Lps d ) and C3H/HeSnJ (Lps n ) mice for their ability to produce cytokines upon challenge with MAM in vitro. As shown in Fig. 1 , the levels of all cytokines were markedly increased in a dose-dependent manner in cells from both mouse strains. As little as 0.1 ng of MAM per ml elicited detectable amounts of these cytokines. In addition, both strains induced similar cytokine levels and profiles, unlike the responses of cells from these strains to LPS: culture supernatants obtained from C3H/HeJ splenic cells developed little TNF-␣ and IL-6 in comparison with those obtained from C3H/HeSnJ mice (data not shown).
Early cytokine responses induced in vivo by MAM in Lps n (C3H/HeSnJ) and Lps d (C3H/HeJ) mice. We next determined whether there might be in vivo differences in the cytokine profiles induced in the two strains of mice. The serum cytokine responses of mice 90 min after in vivo administration of MAM at doses of 0.1 to 10 ng or PBS are shown in Fig. 2 . As expected, mice injected with PBS failed to elicit serum cytokines (Fig. 2) . Ninety minutes after injection of MAM, levels in serum of all cytokines were increased, depending upon the MAM dose given. Cytokines were detectable with as little as 1 ng/mouse. In C3H/HeSnJ mice, injection of 10 ng/mouse elicited significantly elevated serum IL-10 levels (P Ͻ 0.05), whereas this cytokine was barely detectable in C3H/HeJ mice. Serum IFN-␥, TNF-␣, and IL-12 p40 levels were significantly higher in C3H/HeJ mice than in C3H/HeSnJ mice (Fig. 2) . In contrast to the in vitro induction of IL-6 by MAM, serum IL-6 levels were somewhat higher in C3H/HeJ mice than in C3H/ HeSnJ mice after injection of 10 ng/mouse (P Ͻ 0.05) (Fig. 2) . By 3, 6, and 9 h, there were clear increases in the levels of IFN-␥, TNF-␣, and IL-12 p40 in the sera of C3H/HeJ mice (data not shown). However, the levels of all of these serum cytokines had largely abated by 24 h postinjection (data not shown).
Differential modulation of cytokine responses in vivo by MAM in C3H/HeSnJ and C3H/HeJ mice upon rechallenge with MAM in vitro. Studies were next conducted to determine whether differences could be seen in the responses of splenocytes to MAM taken from mice after exposure to MAM in vivo for 24 and 72 h prior to rechallenge with 1 ng of MAM/ml in vitro. There were striking differences in the inducible cytokine profiles between C3H/HeJ and C3H/HeSnJ mice at both 24 h (data not shown) and 72 h. The most striking divergence in the ability of C3H/HeJ and C3H/HeSnJ splenocytes to respond to MAM upon in vitro challenge occurred when the splenocytes were harvested following 72 h (Fig. 3 ) of exposure to MAM in vivo. Thus, with increasing in vivo MAM doses, IL-2, IFN-␥ and TNF-␣ levels in the supernatants of C3H/HeJ splenocytes were all markedly elevated, whereas they were depressed or showed no increase in C3H/HeSnJ supernatants (P was Ͻ0.05 for IL-2; P was Ͻ0.01 for IFN-␥ and TNF-␣). In contrast, levels of IL-4, IL-6, and IL-10 were all markedly increased in C3H/ HeSnJ cell culture supernatants (P was Ͻ0.05) but were decreased or remained low in C3H/HeJ supernatants. Doses as low as 1 ng and, for some cytokines, 0.1 ng of MAM/mouse were usually sufficient to induce a profound change in inducible cytokine profiles, but these changes were mostly optimal with the higher doses of MAM. The results indicate that MAM induces the cytokine profile to a type 1-like response in C3H/ HeJ mice but to a type 2-like response in C3H/HeSnJ mice. To confirm that the MAM-induced type 2 cytokine profile was not a peculiarity of the C3H/HeSnJ mice, we tested another C3H Lps n substrain, C3H/HeN, for responses to MAM. A typical type 2 response was seen (data not shown).
Since it has been documented that IL-12 plays a key role in the induction of type 1 immune responses, the expression of IL-12 p40 mRNA in spleen tissues at various times was examined using RT-PCR. IL-12 p40 expression was more markedly elevated in C3H/HeJ splenic tissue than in C3H/HeSnJ spleens (Fig. 4) , confirming the IL-12 p40 results obtained with sera ( Fig. 2) , behaved similarly to cells from mutant C3H/HeJ mice in that they failed to respond to LPS; this result indicated that the trait encoded by the mutation in TLR4 is inherited as a dominant-negative trait. We therefore tested the responses of cells from these F 1 mice to MAM to determine whether MAM regulation of cytokine production was similarly inherited in these mice. The results presented in Fig. 5 show that, as in Lps d C3H/HeJ mice, the levels of type 1 cytokines were also increased in the F 1 progeny, in contrast to the decreased levels of type 1 cytokines in wild-type Lps n C3H/ HeSnJ mice. Hence, cytokine profiles in these mouse strains are also inherited in a dominant-negative fashion.
Differential induction of NO in macrophages from Lps n and Lps d mice in response to MAM and LPS. To begin to identify the cell type(s) that might be responsible for the observed differences in cytokines elicited in splenocyte cultures from Lps n and Lps d mice, we examined the macrophage, since it is a major source of inflammatory cytokines. We first confirmed that naive C3H/HeSnJ and C3H/HeJ mice differ in their responses to the effects of LPS by showing that resident PM from C3H/HeSnJ mice produced elevated levels of TNF-␣, whereas those from C3H/HeJ mice secreted much lower levels, in response to LPS at 100 ng/ml for 24 h (data not shown). As previously established, C3H/HeSnJ mice were susceptible to toxic death by injection of 10 g of LPS/mouse (five of five mice dead by 18 h), whereas C3H/HeJ mice were resistant (zero of five mice dead at 72 h).
In the next experiment, unstimulated resident PM and SM from naive C3H/HeSnJ and C3H/HeJ mice were prepared. The cells were exposed for 48 h in vitro to LPS (100 ng/ml) in the presence or absence of IFN-␥ and to MAM (10 ng/ml), and NO levels in culture supernatants were measured. As expected, LPS induced much higher levels of NO in PM and SM cultures from the LPS-responsive C3H/HeSnJ mice than in the LPShyporesponsive C3H/HeJ mice, which showed a low or negative response (Fig. 6A) . In contrast, the pattern was reversed when MAM was used, in that levels of NO were significantly elevated in both PM and SM cultures from C3H/HeJ mice compared to those in C3H/HeSnJ cell cultures.
Next, we measured NO levels after conversion of NO 3 Ϫ to NO 2 Ϫ in sera at various times following i.v. injection of 10 ng of MAM into C3H/HeJ or C3H/HeSnJ mice. The results are summarized in Fig. 6B and are expressed as a percentage of the levels seen in mice injected with PBS. In sera from C3H/ HeSnJ mice, MAM had no significant effect on NO levels. In contrast, levels of NO were substantially elevated at all times (up to 200% at 24 h) in sera from C3H/HeJ mice. Doseresponse experiments showed that as little as 0.1 ng of MAM/ml in vitro and 0.1 ng/mouse in vivo were sufficient to induce significant levels of NO in PM in vitro as well as in sera of injected C3H/HeJ mice (data not shown).
Thus, as for the cytokine studies in vivo, macrophages from the LPS-hyporesponsive C3H/HeJ mouse strain gave a proinflammatory cytokine profile following exposure to MAM in vitro.
Pathogenic effects of M. arthritidis in Lps n and Lps d mice. Although MAM itself fails to induce significant toxic effects when injected alone, some mouse strains develop severe toxicity when injected with live M. arthritidis organisms; this result is dependent, in part, upon the degree of the response of lymphocytes from these strains to MAM and the dose of organisms given (10) . As shown in Fig. 7 , C3H/HeSnJ and C3H/ HeJ mice were injected i.v. in groups of 9 or 10 with 5 ϫ 10 8 CFU of M. arthritidis and examined at regular intervals for up to 28 days for clinical disease. Mice of both strains exhibited some toxic effects as early as 1 to 2 days postinjection, as characterized by ruffling of fur, lethargy, and rapid breathing. However, the effects were only transient in C3H/HeSnJ mice at the dose given but became more severe in C3H/HeJ mice. The rate of survival was also significantly higher in the wild-type Lps n mice, at 80%, than in the mutant Lps d mice, which had a survival rate of 16% (P Ͻ 0.05). There was no clear prediction of susceptibility to arthritis between these mouse strains, since the high incidence of death in the C3H/HeJ mice confused the situation, as the longer-surviving C3H/HeSnJ mice developed overall more severe arthritis (data not shown). The results strongly suggest that the different responses seen with MAMinduced cytokine profiles in C3H/HeJ and C3H/HeSnJ mice in vivo correlate with enhanced toxicity induced by live organisms in these same mouse strains.
DISCUSSION
A number of novel findings have emerged from these studies. First, we have shown that C3H/HeJ mice carrying the Lps d mutation exhibit a cytokine profile in vivo different from that of wild-type C3H/HeSnJ mice (Lps n ) following exposure to MAM. Second, evidence was obtained that macrophages might play an important role in the differential responses of these mice to MAM. Third, the presence of the Lps d mutation appeared to predispose mice to a severe lethal toxicity syndrome following injection of M. arthritidis organisms.
In an earlier report (28), we observed major differences in the responses to MAM administered i.v. with regard to cytokine profiles in C3H/HeJ mice and BALB/c mice. In C3H/HeJ mice, a type 1 cytokine profile that was associated with increased susceptibility to arthritis induced by live M. arthritidis was seen; in contrast, a protective type 2 cytokine profile was induced by MAM in arthritis-resistant BALB/c mice. The reason for these differences was not immediately apparent, although the increasing sensitivity of lymphoid cells to the influence of circulating glucorticoids during lymphocyte activation and the IL-12 hyporesponsiveness of CD4 ϩ T cells in BALB/c mice are known to favor a type 2 cytokine response (12, 15, 16) .
In the present study, naive splenocytes from either C3H/ HeSnJ mice (Lps n ) or C3H/HeJ mice (Lps d ) produced similarly high levels of type 1 and type 2 cytokines when exposed to various doses of MAM in vitro. However, the in vivo administration of MAM to these mice resulted in markedly different cytokine profiles when splenocytes were harvested after 1 and 3 days and challenged with MAM in vitro. The first sign of changes in cytokine levels after i.v. injection of MAM was evident in serum 90 min postinjection. Although the levels of most cytokines were elevated in both strains of mice, the IL-10 level was notably increased in C3H/HeSnJ mice but remained low in C3H/HeJ mice. The changes in serum cytokine profiles were more marked 3, 6, and 9 h after injection of MAM, with proinflammatory cytokines predominating in the C3H/HeJ mice (data not shown). The most striking differences in cytokine profiles were seen when mice were exposed to MAM for 1 and 3 days and the splenocytes were harvested and challenged with MAM in vitro. In these cases, there was a clear shift in profiles to a type 2 response in C3H/HeSnJ mice and a type 1 response in C3H/HeJ mice. A type 2 response was also seen in another Lps n mouse strain, C3H/HeN. The molecular mechanism(s) underlying the presently observed differences in cytokine profiles between mice of the tested strains is not yet defined, although both mouse strains are nearly identical genetically. The major known difference is that the C3H/HeJ mouse strain is characterized by hyporesponsiveness to LPS, which is due to a single mutation in the TLR4 molecule that is not present in wild-type mice (Lps n ) (31, 32 ), indicating that the inheritance of the response to MAM is similar to that for LPS. Although our studies suggested that the Lps d mutation influences cytokine responses to MAM as well as responses to LPS, the results are nevertheless paradoxical, since the cytokine profile seen for MAM in Lps d and Lps n mice is the reverse of that seen for LPS. To confirm these findings, additional studies were undertaken using C57BL/10ScNCr mice, which also carry a defect in the LPS signaling pathway resulting from a total lack of TLR4. The data, however, were not conclusive, in part because of the low response of the wild-type C57BL/10J strain to MAM due to the absence of a functional H-2E molecule (7, 10) . Our recent observations suggest that an MHC class II molecule, such as H-2E, that is strongly reactive with MAM is in fact required for a type 1 cytokine response (unpublished observations).
Since MAM interacts with multiple cell types, including T, B, and NK cells as well as macrophages, studies were begun to identify the cell subpopulations responsible for the observations. Initial studies were conducted to compare the responses of PM and SM challenged in vitro with LPS or MAM. As expected, macrophages from C3H/HeJ mice produced little or no NO in response to LPS, but substantial amounts were produced by cells from wild-type C3H/HeSnJ mice. In contrast, the levels of NO induced by MAM were reversed in macrophages from these two mouse strains, with C3H/HeJ cells producing higher levels. Also, MAM injected in vivo gave high levels of NO in the sera of C3H/HeJ mice but low or undetectable levels in the sera of C3H/HeSnJ mice.
Based upon the kinetics of the cytokine responses elicited by MAM in the two strains of mice tested, we suggest that IL-12, IFN-␥, TNF-␣, and IL-10 are key players in the determination of the resulting cytokine profiles. Thus, IL-12, IFN-␥, and TNF-␣ were dramatically augmented whereas IL-10 was depressed in C3H/HeJ mice within 90 min of injection with MAM. The activation of macrophages as described above could have been responsible for the differences in the in vivo profiles. Their rapid activation suggests that innate immune mechanisms are most likely responsible. In C3H/HeSnJ and C3H/HeN mice, early IL-10 production by macrophages would . This mechanism may be somewhat analogous to the LPS situation in which the immune response to LPS protects the host against infection with gram-negative organisms. However, as discussed previously (28), other factors may influence cytokine responses to MAM.
A preliminary intriguing finding in the present study was that the difference in responses between Lps d and Lps n mice appeared to influence disease expression induced by live M. arthritidis. Whereas both C3H/HeJ and C3H/HeSnJ mice exhibited an early toxic effect likely induced by the early production of cytokines in serum, as seen previously for MAM, the severity of symptoms progressed in C3H/HeJ mice, leading to a survival rate of only 16%. In contrast, C3H/HeSnJ mice gradually improved, with a final 80% survival rate. Although all mice were susceptible to arthritis, the early death or moribund state induced by the organisms in Lps d mice, which required euthanasia, preempted meaningful comparative data within the design of the experiments conducted. Thus, once again the in vivo data seen with MAM and the toxic effects of the organisms seen in mutant Lps d mice are in contrast to the effects of LPS and are consistent with the induction by M. arthritidis of a more inflammatory profile in these mice. We cannot conclude that MAM alone is responsible for the toxic death seen in Lps d mice, since in the absence of organisms MAM is not toxic.
It has been proposed that cross-linking of MHC molecules on macrophage cell surfaces by MAM and some other SAgs, such as staphylococcal enterotoxin A, can lead to macrophage activation, with the resultant release of proinflammatory cytokines. It has certainly been demonstrated in various laboratories (10, 22) that MAM can use multiple class II MHC molecules, including murine H-2E and selected H-2A molecules, as well as human HLA-DR and selected HLA-DQ molecules. However, the observed difference in the responses of C3H/HeJ and C3H/HeSnJ macrophages to MAM cannot be explained on this basis, since these cells exhibit identical MHC expression.
Our observation that the MAM-induced secretion of cytokines and NO by macrophages differs reciprocally from that of LPS suggests that the TLR signaling pathway may play a fundamental role in initiating the differentiation of cytokine profiles in response to MAM. Although TLR4 and TLR2 have both been thought to contribute to the LPS responses of human cells (21, 31, 32, 42) , recent studies have shown that highly purified LPS requires only TLR4 (39, 40) . A number of other microbial products, such as gram-positive bacterial cell wall components (43) , Listeria monocytogenes (13) , Mycobacterium avium (24) , and OspA from B. burgdorferi (18) , stimulate monocytes exclusively via the TLR2 molecule. Furthermore, combinatorial signaling requiring both TLR2 and TLR6 has been described for gram-positive organisms and for yeast products (30) . It remains to be definitively established which TLRs are used by MAM or whether other receptors or mechanisms also contribute to the results presented here. Studies are in progress to further define these issues.
In conclusion, this is the first report to indicate that a SAg, MAM, may be able to interact with the TLR signaling pathway and that this interaction may alter disease expression induced by M. arthritidis. In preliminary studies using the bacterial SAgs SEA and SEB, no differences were demonstrated in the in vitro or in vivo cytokine responses of splenocytes from naive or injected C3H/HeJ or C3H/HeSnJ mice (Mu et al., unpublished observations). Our findings lend additional credence to the growing awareness that there is considerable diversity in the interaction of different SAgs with the various arms of the immune system. Shown are the data obtained for the first 15 days, since they did not change after this time. C3H/HeJ mice were significantly more susceptible at all times (P Ͻ 0.005).
